Humic acid results in formation of highly toxic and carcinogenic byproducts during the disinfection process of water by chlorine. In this study, removal of industrial humic acid from artificial and natural aqueous media is investigated using electrocoagulation process. To reach the goal, first, humic acidcontaminated water samples with concentrations of 20 mg/L were prepared in a reactor with the effective volume of 1 L, equipped with iron electrodes. Then, the effects of pH (2 up to 9) and electric potential of 30 V was studied by measurement of UV radiation absorption and total organic materials methods, on the coagulation process in removal of humic acid within 80 min. According to the results of this study, the best efficiency in removal of humic acid was obtained as 92.69% by electrochemical process when the parameters were adjusted as; potential difference of 50 V, 80 min reaction time, pH 5, and electric conductivity of 3000 µS/cm. In the optimum condition, the efficiency of humic acid removal from natural water was obtained as 68.8%. The results indicated that, the electrochemical process equipped with iron electrodes could remove humic acid from aqueous media, efficiently.
INTRODUCTION
Humic acid compounds constitute the major part of dissolved organic materials in natural water [1] . In fact, 90% of dissolved organic carbon in all natural water samples may be attributed to this compound [2] . Humic acid is a large and complex molecule, the structure of which consists of compounds such as carboxylic acid, and phenolic groups. At pH values above 2, these compounds are found in dissolved and negatively charged forms in underground and surface water sources up to 20 µg/L and 30 mg/L, respectively [3, 4] . The humic acid compounds are not toxic on their own, however, they raise secondary problems when using chlorine for drinking water treatment. These problems include creating adverse aesthetic effects corresponding to color, taste, and odor in drinking water [5, 6] , transportation of toxic metals [3, 7] , Reducing the desired effect of water treatment processes on the pollution removal [8, 9] , corrosion of metallic facilities [10] [11] [12] , adverse effects on the coagulation [13] , adsorption, processes [14] , adverse effect on the functionality of membranes [15] , contribution to regrowth of microorganisms in water supplying systems and water storage tanks [16, 17] , increasing the amount of disinfecting agents utilization in water treatment processes, and more importantly, during the water disinfection process, humic acid compounds may react with the disinfecting agents and result in production of over 600 types of disinfecting agent byproducts such as THMs and HAAs which could cause cancers naming bladder and intestine cancers as the most important ones [18] [19] . Currently, the paramount reason stated for removal of these compounds from water is acetic acids (HAAs), the threshold limit values of which are determined as 60 µg/L and 80 µg/L in drinking water at the first stage of applying the regulations and 30 µg/L and 40 µg/L at the second sage by United States Environmental Protection Agency [20] . The World Health Organization has also set the threshold limit value of THMs in drinking water as 100 µg/L [21] . Furthermore, the Institute of Standards and Industrial Research of Iran determines the threshold limit values for bromoform, dibromochloromethane, bromodichloromethane, and chloroform in drinking water as 0.1, 0.1, 0.06, and 0.3 mg/L, respectively [22] . Considering the fact that, according to the studies conducted within the past 10-20 years, the presence of this compound has shown an increasing trend in drinking water sources, they must be removed from drinking water sources before the disinfection process [19, 23, 24] . Chemical coagulation, precipitation, oxidation, adsorption, ion exchange and filtration by membranes may be named as some of the methods of the removal of these compounds from aqueous media [25] [26] [27] [28] [29] . In this regard, removal of these contaminants by electrochemical process has attracted wide attention in different fields of water and wastewater treatment [30, 31] . This process functions based on electrodes being under powerful electric field and redox reactions, leading to removal of the contaminants by adsorption, neutralization of electric charge, and complex formation in aqueous media [32, 33] . To date, the removal of organic material and humic acid from aqueous media has been investigated in numerous studies [34] [35] [36] . However, the efficiency of each process may differ according to the nature of humic acid in certain regions. On the other hand, data about the application of iron electrode for removal of organic humic acid in electrochemical process is limited and inadequate. This study is conducted to resolve the ambiguities and its undetermined boundaries as well as providing a scope and facilitating the use of this method in treatment of the water of Zahedan to remove the humic acid from aqueous media by coagulation process.
MATERIALS AND METHODS
All commercial compounds including sodium hydroxide, perchloric acid, and potassium chloride were the chemicals acquired from Merck Company of Germany. The electrochemical unit instruments consisted of a Plexiglass container of 1 L volume equipped with four iron plate electrodes submerged in a container of 11 × 11 cm dimensions with a buccal type bottom and inter-plate distances of 2 cm. These devices were connected to the transformer (power supply) by bipolar connection method to provide a potential difference of 50 V. Furthermore, to obtain a homogeneous aqueous medium under the process, the samples were stirred using a magnetic stirrer with a constant rate [70 rpm). The solution of humic acid was prepared by dissolving extracted powder humic acid in a 0.1 normal solution of sodium hydroxide under vigorous stirring for several hours. Then for obtaining the optimum conditions for pH, potential difference, and reaction time, the experiments were performed.
Zahedan is in the center of Sistan and Baluchistan and the biggest province of Iran (33°30'N 48°42'E). The weather in this city is dry and seasonal streams, with an average annual rainfall of only 50 ml per year. The city's drinking water is provide from the semi-wells (Chah-Nime) located on the north side of the province (N3047 E6135) and water of it prepared by drainage from the rivers of Afghanistan. The quality profile of the sample is provided in table 1. Humic acid was extracted from the real sample by decreasing the acidity down to below 2 using concentrated hydrochloric acid, and then the extracted amount was measured by TOC analyzer model ANATOC Series II [37, 38] . To perform the experiments, each of the synthetic samples were prepared with 20 mg/L humic acid. The pH values were adjusted to 3, 5, 7, and 9 using 0.1 and 1 normal perchloric acid and sodium hydroxide solutions (measured by Denver Ultra basic-UB10 pH meter made in USA), and the electric conductivity was adjusted to 1000, 1500, 2000, and 3000 µS/cm by addition of 0.5 normal potassium chloride (KCl) solution (measured by TWT-Cond 1310 conductivity meter made in Germany). Following injection of the prepared samples into the buccal container, the power supply was turned on and the experiments begun. During the reaction, the sampling took place with appropriate volumes for certain experiments from the middle of the buccal container. Following the sampling process and necessary work ups on the samples, the rates of the absorbed UV light and total organic compound in the samples were determined instantly using a UV-Vis T80 spectrophotometer according to the following equation [39] : and using TOC Analyzer model ANA TOC Series II, respectively.
[HA]= 30.48×ABS-2.0549, r= 0.9918 At the end of the reaction (80 min), the acidity and ultimate temperature of the aqueous media were also recorded. In addition, the electrodes were washed and dried at 105 ˚C in a hot air oven following being treated with 1 N perchloric acid for 30 min, and finally weighted and recorded. To overcome the decrease of the volume of aqueous medium during the electrocoagulation process due to the evaporation resulted from the increase of temperature, the reduced amount was measured at specific time intervals and the very same amount of water appropriate with the sample type under the experiment was added to the medium [40] . This process cooled the medium slightly in addition to rehabilitation of the lost volume. Finally, according to the results obtained from the experiments, the corresponding diagrams for each of the pH, reaction time, potential difference, and electric conductivity parameters were plotted and other than comparing these diagrams to each other, the best, optimum, and the highest efficiency observed in removal of humic acid among all of the experiments has been reported in this study. It should be noted that, to evaluate the effect of the above process on the real water sample provided from Chah-Nime surface water source of Zahedan, the efficiencies of the removal of sulfate, nitrate, hardness and fluoride as well as the humic acid extracted from real water sample were measured and reported. In this study, all of the experiments were performed according to the standard methods provided in Standard Methods in Examination of Water and Wastewater book and repeated twice [41] . Figure 1A demonstrate the variation of the removal efficiency of humic acid at different reaction times and pH values. The highest removal efficiency is obtained as 93% at pH 5 and 80 min. At 80 min reaction time, the maximum removal efficiency is achieved at pH values equal to 8, 7, 3, and 5, respectively. Figure 1B illustrates the removal efficiency variations at different reaction times and electric conductivities. Figure 1A indicates that, the maximum removal efficiency is achieved as 93% at 80 min and 3000 µs/cm EC. Matilainien et al. [19] , presumed the self-degradation of humic acid and formation of clots as well as improvement in the coagulation process as the reasons for the enhanced removal efficiency at longer reaction times. FENG et al. [35] , in their studies, reported the higher induced current between the two electrodes as the cause of high efficiency at higher electric conductivities. The results of current study are in complete agreement with the above mentioned studies. Figure 2A presents the variations of the utilized iron electrode weight at different pH values and electric conductivities. Figure 2A depicted that, upon the increase of electric conductivity, the weight consumption of iron electrodes escalated. Figure 2B demonstrated the energy consumption rate and removal efficiency of humic acid at different electric conductivities. Figure 2B shows that with the increase of electricity consumption, the removal efficiency increases as well. The efficiency was about 93% of the consumed energy equal to 1.71 kW/h for every gram of humic acid per cubic meter at electric conductivity of 3000 µs/cm. Figure 2C shows the consumed electrode weight variations and the removal efficiency of humic acid at different electric conductivities. Figure 2C demonstrate a direct relationship between the electrode weight consumption and improvement in the removal efficiency. As can be observed, the efficiency was about 93% and iron electrode consumption rate was equal to 0.19 kg for every gram of humic acid per cubic meter at electric conductivity of 3000 µs/cm. Koparal et al. [42] , construed the higher formation of coagulants as a result of the release of more dissolved iron ions in aqueous media as the reason for their observations. In addition to formation of coagulants, the increase of bubble formation resulted from release of hydrogen gas escalates the sizes of the formed clots which in turn leads to improvement of the efficiency in electrocoagulation process. Figure 3 illustrates the variations of the ultimate temperature of the aqueous medium under the process at different pH values and electric conductivities. Figure 3 depicts that, temperature of the medium declined at first when increasing the electric conductivity from 1000 µs/cm to 2000 µs/cm, and then enhanced, remarkably. The highest temperature was observed as 37 ˚C at electric conductivity of 3000 µs/cm and pH 5. The minimum and maximum initial temperatures of the aqueous medium before starting the process were recorded as 14.90 and 19.30 ˚C, respectively. The mean values and the standard deviations were also obtained as 17.24 and 1.26, respectively. Bazrafshan et al. [40] , presumed the increase of temperature as one of the factors effective on improvement of the removal efficiency in electrocoagulation process that is in agreement with the results of this study. 
RESULTS AND DISCUSSION
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To date, myriad number of studies have been conducted regarding the effect of initial pH variations on the removal rate of the contaminants in electrocoagulation process and in each of the important and tangible effect of these parameters on the removal rate of the contaminants has been mentioned [37, 44] . Figure 4A shows the variations of ultimate pH of the aqueous medium under the process against the initial pH values. Figure 4A demonstrated that following the application of iron electrode increased the pH of the medium under the process, in a way that an initial pH of 5 reaches up to 8 at the end of the process. Figure 4A furthermore indicates that the removal efficiency of humic acid declines remarkably at high pH values. Figure 4B illustrates the pH variations of the aqueous medium under the process compared to the initial pH values and different electric conductivities. Figure 4B revealed that the maximum removal efficiency of humic acid was 93 % at pH 5 and EC 3000 µs/cm. The minimum efficiency was obtained as 62 % at pH 8 and EC 1000 µs/cm. Furthermore, figure 4B exhibited that pH variations increased by enhancing the electric conductivity, and the increasing rate of pH was remarkable. Figure 4C depicts the variations of the energy consumption at different pH values and electric conductivity. Figure 4C indicates that with the increase of continuous electric conductivity the energy consumption increases. Figure 4C shows that, though energy and electrode weigh consumption at pH values of 7 and 8 is almost equal to those at pH values of 3 and 5, removal efficiency of humic acid decreases at former values compared to the later ones. Feng et al. [35] , and Koparal et al. [42] , attributed the reason to the increased solubility of humic acid in aqueous media at higher pH values. Matilainen et al. [1419 in their studies reported that the pH variations at electrocoagulation process is caused by increase of hydrogen generated from cathode electrode which is released as a gas. Since the pH value is a function of the presence of compound such as carbon dioxide and organic acids derived from Soil Humus, Koparal et al. [42] , assign the variations of the ultimate pH values to the release of carbon dioxide (CO 2 ) from the medium under the process and resulted from combination of hydrogen gas bubbles. In this study, by application of iron electrode, the removal efficiency of organic humic acid in the aqueous medium under the process occurred at pH values from 4.5 to 7, which is in good agreement with the results of the above studies. Considering the fact that the ultimate pH values raised up to 7.15 and 8.07 from initial values equal to 3 and 5, respectively, and since this water may be used at later steps of the water treatment without performing secondary pH adjustments, it is reasonable to apply these values as the most appropriate option.
CONCLUSION
In this study, removal efficiency of humic acid extracted from natural aqueous media was investigated by electrocoagulation process. Results of the experiments indicated that variables such as pH, electric conductivity, and reaction time influence the removal efficiency of humic acid remarkably, and when the rate of electric conductivity enhances and the pH values of the aqueous media were set to acidic range close to the neutral value, the removal efficiency increases compared to other conditions. The maximum efficiency was achieved in synthetic samples and electric conductivity of 3000 µs/cm, pH 5, reaction time of 80 min and potential difference of 50 V. The initial amount of C D 20 mg/L of humic acid with energy and electrode weigh consumptions equal to 1.71 kW/h for every g of the removed humic acid per cubic meter and 0.19 kg for every gram of humic acid per cubic meter, respectively, reached to 1.46 mg/L in with 92.59% decrease in the output. In general, these results demonstrate that, the electrocoagulation process equipped with iron electrodes was remarkably effective on the removal of humic acid, and may attract attentions and be utilized as a convenient and cost-effective method in removal of humic acid from aqueous media.
